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-4verage.- 
average for 1930 was more than double that for 1923 and 1924. 

This increase in local atmospheric dust does not appearto have been 
accrompapied by a o o m s p o n d i ~  decrease in the distance to which "p$?-m"':- 
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atmosphere that is graduilly increasing in &tensity. The 
recent decrease in the monthly means and monthly m a -  
ima may be attributable in part a t  least to the unusually 
warm wint.ers of 1929-30 and 1930-31, and the resulting 
decrease in coal consumption. 
TABLE 1.-Dust conlent o the atmosphere at the American Univer- 

sity, District of Colum d ia,  at 8 a.  m. (dust particles per cubic 
centimeter) 

MONTHLY MEANS 

I 

-- 

478 
e45 
763 
755 
721 
868 
610 
763 
816 

----.  
397 
639 
480 
642 
933 
767 
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TABLE ~.-Departvrre qf month.& fotals ef solar &iatiQn r&&~?d on a horisar)tal8.wfw at Wahhgion,  D .  C., from monthlg normal values 
for the period 1914-1931 (gram-caloroes per crn.l) 
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ATNOBPHERIC DUBT AND VISIBILITY 

In the paper of June, 1925, already referred to, it wae 
shown that the product 

D X N X R .  H. 

approximates to a constant, C, where 
D=distance in miles to the most distant object that can 
be seen, iV =the number of dust particles per cubic centi- 
meter, and R. H. =the relative humidity expressed as a 
percentage. 

A maomputation of the data t.here given for D=lO 
miles or more, and applying weights com%sponding to the 
number of observations, gives 444,000 for the value of C. 

A summary of dust and visibility measurements made 
between May, 1925, and June, 1931, hclmive, and given 
in Table 3, gives for the weighted mean value of C corre- 
sponding to visibilities in excess of 25 miles, 432,000, or 
approximately the value found from earlier observations. 
For shorter distances of visibility C has increased in value 
by from 50 to 100 per cent. 

This is interpreted t9 mean that the local dust cloud 
has so little extent that it does not materially interfere 
with the visibility of prominent objects at moderate dis- 
tances, while the most distant object@ still require the most 
favorable conditions to be distinguished. 

TABLE 3.-Relation between atmospheric duatinesr and Yiaibilility of 
distant objects 

WINTER II 6UMMER 
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65 a4.2 

68 20.7 
70 16.0 
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A copy of the dust counts made at the American 
Univemty, District of Columbia, is mailed each month 

1 Thb N muat not be coniused with N=the number of mdfi of condmatlon found 
by tho u8e of the Altken dust count=. 

to Dr. J. S. Owens, London, England, superintendent of 
observations, investigations of atmos heric pollution, 

letter received after this paper was completed Doctor 
Owens transmits the following results of his study of the 
observations for the year Apnl, 1930-March, 1931. The 
equation that he developed seems to give with consider- 
able accuracy the relation between N, R. H, and V ( V - D  
of this paper). He says: 

Visibility and wind velocity are given in the returns aent in, 
and an attempt has been made by examining the whole of the 
figures for the year to find some relation between visibility, number 
of suspended particles, and relative humidity. The result obtained 
is indicated in the curve (fig. 1) given below: 

department of scient& and industria P research. In  a 

"I 

4 m 

R.M. x h !  
FIQUEE l.--Relation between visibility, V; number of suspended particles, N: and 

relative humilty, R. H.  

This was the result of many trials of different combinations 
between number of particles and relative humidity. To get con- 
sistency in the results, i t  is evident that  aome provision should be 
made to eliminate the effect of varying wind direction. The dust 
counts were made at one particular point, whereaa visibility waa 
governed by the conditions as to dust, etc., at other places along 
the line of view. It is evident therefore that the wind direction 
might make a great difference in the apparent relation between 
visibility, so measured, and dust contents. To eliminate this, onlv 
the days with a north wind were taken and other days neglected. 
The visibility, relative humidity and number of dust particles 
were tabulated and averages obtained of the relative humidity 
and dust counts for the different Visibility distances. The curve 
given (fig. 1) is for visibility plotted against the product of relative 
humidity and the number of dust particles. 

The wind velocity is not taken into account in this curve because 
i t  appeared reasonable to assume that i t  waa one of the factors 
governing the number of particles and was therefore already taken 
account of in the figure for the number of particles per cubic centi- 
meter. The curve is remarkably smooth and agrees well with the 
equation 

where V=visibility in miles, RH=relative humidity, and N= 
number of particlea per cubic centimeter. 

V=340-69 log (RHXN) 
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"'him b not itm t&e mame eo the equstion. tvotved by Docfor 
Kimball (see ILEvmiw for June, 1925, 53:243), in which he 
gfvea the vieibility ih terms of the relative humidity and number 
of particlee as- 

It mms robable that any expression for visibility of thie form 
would breeg down when approaching the point of saturation of 
the air, a8 in this neighborhood, apart from the effect of epecial 
pollution by hygmsoopic sal ts ,  we might expect a rather sudden 
lose of visibility rather than a fadual one. 

Since to obtain this curve ( g. 1) only days with a north wind 
were taken, it ib not to be expected that the equatioh wfll apply 
when the wind ia not north. Indeed, we can not hope for any 
general expreesion releting to duet oount, d&ivo.Bumidity, and 
visibility until and unless we know the cosditioae dong the line 
of vision. It would appear, however, that, knofting these condi- 
tiona, there ie good ground for believing that B sirnpk relation might 
be established. 

MEASUREMENTS OF THE BULPHUa (SO,) COMTBNT OF THE 
ATYOBPRERE 

Method o meuswemenl.-Equal quantities of a solution 

starch were placed in two 20-liter bottles, each bottle 
being tightly sealed but provided with a ground-glass 
stopcock. The pressure within one bottle was reduced 
to one-half of the current atmospheric pressure, the stop- 
cock closed, and the bottle was then shaken vigorously 
in order to have the liquid wash around the entire interior 
glass surface, and then the stopcock opened, the bottle 
being vigorously shaken until normal atmospheric pressure 
was resumed inside of it. The liquid in the comparison 
bottle was also similarly shaken, but the air w a ~  not dis- 
turbed within this bottle, a detail merely to approximate 
similar conditions in the two bottles. 

The liquids in the two bottles were than placed in 
titration bottles; and if the tint of blue in each bottle was 
the same, no indication of the presence of sulphur evi- 
denced itself. If, however, the tints differed, simple 
titration methods with the use of potassium iodide and 
other simple chemicals were resorted to in order to bring 
them to the same tint of blue. 

TABLE 4.-Duet particlea per cubic centimeter and volumetric sulphur 
eoPrtmt of the dmosphere i n  parte per million 

of distille d water, iodine, potassium iodide, and soluble 

1927 I 1926 I 

! Addltlonal d a h  for Fob. 8 

Time 

TABLE 4.-Darst partidas cubic E n t i d m  and.volumltiC sulphur 
c o n t d  o i  the a tnwspEe in parts per million-Continued 

I 1927 I 1WE 

January February Maroh April 

Dust Dust ,"h"; Dust phur Dust $k i I l a d -  I 
month 
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0.75 1,4.5? _ _ _ _ _  781 
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3.10 ______. 
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0.26 187 
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a 4 6  eo7 a m  mi 
a 75 . _ _ _ _ _  - 

am 2~ 

- - - - - - - 

1.25 155 

773 
1,947 

651 

0 3,511 
0.20 1,044 
0.45 _ _ _ _ _ _  - 
0.65 686 

0 . a ~  1.428 

as5 ____.. . 
a io 223 

am 197 

am ______. 
a4o 1,876 a is _ _ _ _ _ _  . 
a m  as 
am i ,m7 

0. 70 2,234 

0 834 _ _ _ _ _  1,34R 

1.80 378 
0.45 623 

___._ 1,151 

0.10 18J 
0 _---_. . 
0.46 1,N8 
0.16 __.__. . 

T. _ _  __._ . 
____. ______. 

T. 1,8?7 

T. 146 
0.25 972 
0.40 l,?M 
T. 1,672 

am 376 
. - . - - - -. - -. . - 

a10 498 
azo 1,130 . . - - - - - - - - - - - 
T. 823 

622 
0.20 1,310 
0.10 5811 
0.75 0 1.1R2 922 

T. 676 
918 

1,252 
88R 

- _ _ _  _ -  - 

a m  eel 
aao 363 
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- -___  1,467 
0 571 
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0.86 __--__. 
T. 1,048 
0 1,529 __..,_ 729 
0.35 228 a m  io8 
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T. _ _  - . -. - - _- - 
aio 5 w  o 
T. 970 0.10 ___._ 1,457 Q35 
0.15 130 n 
0 1,310 
0. ?o 1, Ea 
0.10 ---_-_. 

0 
0.10 
0.26 
T. 
T. 
am 

._--._ 
0.15 
0.80 
0.10 
0 
0 
T. 

0. 10 
0. 15 

. . . .  I '  . .  

1927 I 

I I 

: D e m  smoke cloud enveloped unirersity this date; 4,502 particles of dust per cublo 

3 Much soot. 
4 Hare In west; local smoke with noticeable sulphur odor. ' spores. 

centimeter a t  1:30 p. m. 
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 TAB^ 4.-Dwt particha er cubic centimeter and volumetric aulphur 
contmt of t b  atmaplere in  parte per mitlion-hntinued 

I I 1927 19% 

April 

Dust :,$ 

Dayof May Jupe July August September October 
month 

Dust :& Dust ;& Dust :& Dust phur Dust 

---- 
I sui- I 

@ Hace. 

Table 4 gives the daily sulphur measurements, together 
with the determination of the dust content of the atmos- 
phere. The two measurements were made at  the same 
place and the sulphur determinations followed immedi- 
ately the dust measurements. 

Table 5 summarizes the atmospheric sulphur deter- 
minations. From May to August, inclusive, on at least 
half the days on which deterrmnations were made, not a 
trace of sdDhur was found. and from ADnl to SeDtember. 

August, inclusive, the measured amount did not exceed 
in volume 0.45 parts er million, and in the majority of 
cases it did not excee 0 0.2. 

An amount in excess of one part per million in volume 
was measured on only 15 days out of the 600 on which 
measurements were made. Five of these days were in 
October, 1928, and were accompanied by an unusual 
number of dust particles, which quite probably came 
from a furnace that was being operated by the nitrate 
fixation laboratory on the American University campus 
to reduce certain rock material for the purpose of extract- 
ing phosphoric acid and potash. Eight of the remaining 
ten days with much sulphur were also days with many 
dust particles, the m m u m  of sulphur, 3.1 parts per 
million, on November 26, 1926, having as its accompani- 
ment 3,975 dust particles per cubic centimeter. October 
15, 1927, with 2.4 parts of sulphur per million had 3,133 
dust particles per cubic centimeter, and there was a 
noticeable odor of sulphur from local smoke. December 
22, 1926, with 1.25 parts of sulphur per million had only 
344 dust particles per cubic centimeter, but it was raining 
at the time, and this would have a tendency to precipi- 
tate local dust from the lower atmospheric layers. On 
July 31, 1928, with 1.2 parts of sulphur per million, only 
972 dust particles per cubic centimeter were collected by 
the Owens jet dust counter, but a note states that there 
was a dense haze, with the wind from the south. Such 
a wind would bring smoke from the industrial section of 
Georgetown. 

The chemical process used in measuring atmospheric 
sulphur records in units of 1 part in 20,000,000 by volume, 
while it is generally conceded that 2 parts in a million 
is noticeable by its sulphur odor to the average individual. 

TABLEI 5.-Summary of afmoepheric eutphrtr determinations 

Parts par million 

Average monthly o c m n c e a  

These sulphur determinations were made at  the request 
of the United States Bureau of Standards. They con- 
stitute a link in a series of tests made in cooperation with 
the International Nickel Co. in a study of the durability 
of wire screens under different conditions. Measurements 
made in Pittsburgh represented conditions in an indus- 
trial city. Measurements at  the navy yard, Portsmouth, 
Va., represented seacoast conditions, where the at- 
mosphere contains many salt crystals. The campus of 
the American University, District of Columbia, was 
exDected to aDDroximate oDen-countrv conditions. 

i&luaive, 06 more than half the days t6e amoun’t present 
waa not measurable (T. or 0). Also, from April to A A L  


